The benefit of providing access to physical activity facilities at or near work to support the leisure time physical activity (LTPA) of workers is uncertain. We examined the association between access to physical activity facilities at or near work and the LTPA of workers after adjusting for a range of individual and occupational characteristics. Data was obtained from 60,650 respondents to the 2007-2008 Canadian Community Health Survey. Participants were employed adults ≥18 years of age who had no long-term health condition which reduced their participation in physical activity. Latent class analysis determined naturally occurring combinations of physical activity facilities at or near work. Each combination was balanced by 19 individual and occupational covariate characteristics using inverse probability of treatment weights derived from propensity scores. The association between combinations of physical activity facilities at or near work on LTPA level was estimated by multinomial logistic regression. Five different combinations of physical activity facilities were available to respondents at or near work. Data were analyzed in 2017. All possible physical facilities increased the likelihood for LTPA (OR, 2.08, 95% CI, 1.03-4.20) and other combinations were also positively associated. Respondents with no physical activity facilities were characterized as having a low education, low income, high physically demanding work, poor health and mental health, non-white racial background, and being an immigrant. Access to supportive workplace environments can help workers be physically active. Future research should assess a range of personal, social and environmental factors that may be driving this relationship.
Introduction
Regular physical activity confers substantial health benefits and is a main component of public health strategies and initiatives (Ainsworth and Macera, 2012; Warburton et al., 2006; Lee et al., 2012 ). Yet it is estimated that over half of adults fail to meet recommended levels of at least 150 min of moderate-intensity physical activity a week, and in turn, are at greater risk for several chronic diseases, premature mortality, anxiety and depression (Lee et al., 2012; World Health Organization, n.d.) . Accordingly, improving physical activity participation is a major public health concern.
Workplaces are ideal settings to promote physical activity as the majority of working-aged adults spend a third of their day at work (Tudor-Locke et al., 2011; Harter and Arora, 2010) . Evidence also suggests that physical activity participation boosts employee energy levels, morale, job satisfaction, the ability to cope with stress, and work productivity (Conn et al., 2009; Proper et al., 2002) . Consequently, workplaces are increasingly incorporating physical activity facilities onsite such as the provision of gyms and wellness initiatives or access to off-site playing fields and pleasant places to be active (Mattke et al., 2013; Goetzel et al., 2014) . Such strategies are supported by conceptual models suggesting that physical activity participation is not only influenced by personal, behavioral, and societal factors but also by environmental factors (Sallis et al., 2006; Saelens and Handy, 2008) . These environmental factors (such as the built environment and access to facilities that promote physical activity) may influence constraints on behavior and perceptions making it easier or more difficult to participate in physical activity (Bauman et al., 2012; Booth et al., 2000) . For example, more walkable environments may help those with health problems be active through recreational walking, while easy access to physical activity facilities can lower perceptions of inadequate time as a constraint to participation (Cerin et al., 2010) .
To date, few studies have examined facilities and environmental factors in the workplace compared to other community settings. Yet initial findings have been promising in pointing to the value of the workplace environment in promoting physical activity (Lucove et al., 2007; Prodaniuk et al., 2004; Watts and Mâsse, 2013; Umstattd et al., 2011; Schwartz et al., 2009) . For example, a study with a representative sample of Canadians found that workers with greater workplace physical activity facilities were more likely to be moderately active in their leisure time (Watts and Mâsse, 2013) . Subsidized health club memberships for North Carolina workers were also associated with increased leisure time physical activity (LTPA) (Lucove et al., 2007) . While any single type of workplace physical activity facility did not increase physical activity levels for Missouri workers, combinations of workplace facilities did (Dodson et al., 2018) . For instance, providing outdoor facilities to incentivize physical activity at work did not help workers meet physical activity guidelines unless flexible time was also provided to be physically active while at work.
A drawback of previous research is that studies were generally not designed to disentangle the potential effects on physical activity levels related to individual characteristics (Bauman et al., 2012) and occupational factors (Kirk and Rhodes, 2011) in addition to the role of access to physical activities facilities at work. For example, differences in LTPA levels have been associated with age, gender, health and SES, while longer work hours, job strain and sedentary work have shown negative correlations. Furthermore, it is not clear which combinations of physical activity facilities that naturally occur in workplaces are most effective in promoting LTPA. For example, should workplaces invest in both a gym and fitness classes or is one or the other sufficient? Is access to a pleasant place to walk enough to promote LTPA? A more detailed examination of what types and combinations of physical activity facilities are currently available at or near workplaces and whether they are associated with increased participation in plausible types of activities (as opposed to estimates of overall LTPA that might have measured participation in less plausible activities) after controlling for other relevant factors is important. This information can help to better inform organizational decisions such as whether it is in a workplace's interests to incorporate some types of physical activity facilities given the potential costs and resources required.
This study drew on data from a national population health survey to examine the relationship of naturally occurring physical activity facilities at or near work (hereinafter referred to as "workplace facilities") and worker LTPA levels after adjusting for a range of individual and occupational characteristics.
Methods

Data sources and sample
We analyzed the 2007-2008 Canadian Community Health Survey (CCHS), which collected cross-sectional information on the health status, health care utilization, and health determinants of the Canadian population (Béland, 2002) . Responding to the CCHS was voluntary and data were collected over two years in non-overlapping two-month periods from January 2007 to December 2008, covering 97% of a target population, 12 years of age and over, living in the ten provinces and three territories of Canada. Excluded from data collection were persons living on Aboriginal settlements, full-time members of the Canadian armed forces, the institutionalized population, and certain regions of the provinces of Quebec and Nunavut. Data was collected directly from individuals representing 71,922 households agreeing to participate in 2007 and 72,580 in 2008. There was a national response rate of 77.6% in 2007 and 75.2% in 2008. More details about the CCHS are described elsewhere (Statistics Canada, 2009) . Informed consent for the use of data for research purposes was obtained from all survey participants by Statistics Canada.
The study sample was drawn from employed or self-employed adults between the ages of 18 to 75 years, and had no long-term physical or mental health condition which frequently reduced their participation in activities at home or work.
Main independent variable: workplace facilities
Each respondent's access to physical activity facilities at or near work ("workplace facilities") was ascertained from seven questions: "At or near your place of work, do you have access to: 1) a pleasant place to walk, jog, bicycle or rollerblade? 2) Playing fields or open spaces for ball games or other sports? 3) A gym or physical fitness facilities? 4) Organized fitness classes? 5) Organized recreational sports teams? 6) Showers and/or change rooms? 7) Programs to improve health, physical fitness or nutrition?" As each of these aspects might have different impacts on LTPA, naturally occurring combinations of workplace facilities frequently reported by respondents were generated using latent class analysis and examined as exposure groups.
Outcome: LTPA level
LTPA level was the primary study outcome and respondents were characterized according to energy expenditure cut points. Cut points were derived from the frequency and duration spent in 21 activities (such as walking, running, skiing etc.) and categorized according to Statistics Canada's definitions (inactive = < 1.5 kcal/kg/day (e.g. walking less than half an hour each day), moderately active = between 1.5 and 2.9 kcal/kg/day (e.g. walking 30 to 60 min a day, or taking an hour-long exercise class three times a week); active = > 3 kcal/kg/day (e.g. walking an hour a day or jogging 20 min a day).
We examined LTPA as a single outcome and by specific types of activities undertaken. Engagement in specific activities was explored to compare the extent to which changes in LTPA levels were plausibly influenced by workplace facilities versus less plausible relationships. For example, having a pleasant place to walk is plausibly associated with workers engaging in walking and jogging and it is less plausible that they play ice hockey. Aggregate estimates for the relationship between workplace facilities and less plausible activities was considered an estimate of the potential bias due to unmeasured confounding as illustrated in Appendix Fig. 1 . Unmeasured confounding might include reporting bias (where respondents over-report their participation in all types of physical activities) or selection bias (where respondents more likely to be active prefer to work where they have greater access to workplace facilities). Physical activities were categorized into cut-offs based on Canada's Physical Activity Guidelines (Canadian Society for Exercise Physiology, n.d.).
Study covariates
Because data were generated from a population survey and not a randomized control trial, the potential effects of unmeasured factors on study estimates were reduced by balancing combinations of the workplace facilities exposure variables by pre-specified baseline covariate characteristics of survey respondents using inverse probability of treatment weights (IPTW) derived from propensity scores. Nineteen covariate characteristics were selected a priori based on the physical activity and health behavior literature and used to generate propensity scores.
Individual factors: age; sex, marital status (and having a child under the age of 25); immigrant; education; ethnicity; BMI; daily fruit and vegetable intake; smoker status; alcohol consumption; perceived health and mental health.
Occupational covariates: income; hours worked per week; working at home; job stress; and physical demands of work (from Statistics Canada's National Occupational Classification). Seasonality effects on LTPA were considered and a seasonality variable was derived based on whether the CCHS was administered during cold weather months or warmer months. Details on all response variables are in Table 1 .
Statistical analyses
Statistical analyses was performed using SAS v. 9.4 (SAS Institute Inc.) and Mplus v. 7 (Muthén & Muthén, 1998 in 2017. Tests were two-sided and statistical significance set at P = 0.05. Estimates were weighted using Statistics Canada's original survey weights and representative of the Canadian population. A chi-square test of independence was calculated to compare differences between categories. Combinations of naturally occurring, real-world workplace facilities were based on their probability of being reported by respondents using latent class analysis functions. A propensity score for each individual was estimated using a multinomial logistic regression model that comprised the 19 study covariates previously stated. IPTW derived from propensity scores were used to balance each combination group. The IPTW method has been recommended over traditional statistical regression and matching methods for reducing systematic differences between treated and untreated subjects (Austin, 2011) . Stabilization and trimming of IPTW was conducted to optimize balancing and minimize the influence of outliers.
The effect of natural combinations of workplace facilities on LTPA level, and activity type (associated or non-associated with facilities) were estimated by multinomial logistic regression using a generalized logit link. ORs and 95% CIs were obtained using bootstrap methods (Béland, 2002) .
Results
Fig. 1 illustrates the study cohort creation. The selection criteria yielded 68,184 adults. Those with missing data for any variables (n = 7534) were excluded, leaving an analytical sample of 60,650 individuals. Table 1 describes sample characteristics. A pleasant place to walk (58.1%) was the most frequently reported workplace facility and having organized sports at work (28.8%) reported least. The sample was mostly white (80%), male (53.5%), aged 33-47 years (37.1%), in a domestic partnership (65.4%), with a post-secondary education (65.8%), having a normal BMI (47.2%), working 30-40 h per week (52%) in low physically demanding occupations (56.7%), with an income between $30,000 to $60,000 (40.3%), experiencing slight job stress (43.3%), with very good health (41%), and excellent mental health (41.3%). There was variability across some characteristics with a sizeable proportion of individuals aged 48-62 years (28.8%), having an income < $30,000 (31.5%), being overweight (34%), working > 40 h per week (31.5%), and experiencing high (30.1%) job stress. Fig. 2 shows natural combinations of workplace facilities. About a quarter of respondents reported having access to all the different workplace facilities (combination 1 = "All": 24.4%). Just under 15% of respondents reported combination 2, which was characterized by a high probability of having a pleasant place to walk and playing fields (W/P), with a similar proportion reporting combination 3a pleasant place to walk, a gym, fitness classes, showers/change rooms, and health programs (W/G/F/S/H). Far fewer reported combination 4, with 4.5% having a combination of access to showers/change rooms, health programs, and a pleasant place to walk (W/S/H). Combination 5 showed a low probability of most facilities, but some access to a pleasant place to walk and showers/change rooms (W/S) (17.7%). Finally, 23.9% of respondents had no access to any workplace facilities ("None"). Table 2 describes the relationship of various sample characteristics with the different combinations of physical activity facilities at or near work. Combination 1 (All) was comprised of the largest proportion of 18 to 32 year olds and unmarried/non-common law individuals with a child under 25 years. Participants were more likely to have a white racial background, report experiencing a bit of work stress, with very good to excellent self-perceived health and mental health. Combination 2 (W/P) had the largest proportion of underweight individuals, respondents who reported working < 30 h per week, and reporting not at all or not very much work stress. Combination 3 (W/G/F/S/H) was comprised of the largest proportion of females, unmarried/noncommon law individuals, participants with an income ≥$60,000, those with at least a postsecondary education, participants with a normal weight, individuals working in a job requiring low physical demands, A. Biswas et al. Preventive Medicine Reports 10 (2018) 263-270 and participants reporting quite/extreme work stress. Combination 4 (W/S/H) had the largest proportion of 33 to 62 year olds, participants who were married/common law, individuals with an income from $30,000 to $60,000, individuals of non-normal weight (underweight, overweight, or obese), and participants working 30 to 40 h a week. Combination 5 (W/S) and those with no access to physical activity facilities at work (None) had the largest proportion of males, individuals who were married/common-law with a child under 25 years, individuals with a personal income under $30,000, participants with a secondary school education or less, who were of a non-white racial background, who reported being an immigrant, were working in a job requiring medium to high physical demands, who worked over 40 h a week, and who reported poor to good perceived health and mental health.
Individuals with a moderate-high probability of having access to at least one workplace facility (combinations 1 to 4) were more likely to be physically active compared to having no workplace facilities available, with the highest odds observed for combination 1 (All) (OR = 2.08; 95% CI: 1.03, 4.20) (Table 3) . For the likelihood of moderate physical activity, all combinations had increased odds, but statistical significance was only observed for combination 4 (W/S/H) (OR = 1.39; 95% CI: 1.07, 1.80) compared to having no workplace facilities available (None), although the highest estimate was still observed for combination 1 (All) (OR = 1.47; 95% CI: 0.78, 2.79).
Associations between workplace facilities and plausible activities (e.g. jogging) as compared to, associations between workplace facilities and less plausible activities (e.g. skiing) are presented in Table 4 , and provides insight on the extent to which the observed associations are A. Biswas et al. Preventive Medicine Reports 10 (2018) 263-270 influenced by unmeasured confounding. Estimates were similar across activity types for combinations 2, 3 and 5, suggesting that the observed effects may be due to unmeasured confounding. However, for combination 1 (All) and combination 4 (W/S/H), the associations observed for plausible activities were stronger than for less plausible activities (combination 1: OR = 1.89; 95% CI: 1.19, 2.25 versus OR = 1.51; 95% CI: 0.94, 2.42; combination 4: OR = 1.40; 95% CI: 1.13, 1.72 versus OR = 1.25; 95% CI: 0.92, 1.55), suggesting some association between these combinations of workplace facilities with meeting physical activity recommendations is greater than by spurious effects alone.
Discussion
This study is among the first to examine a population sample of individuals reporting access to workplace facilities, factors associated with the presence of workplace facilities, and the relationship between naturally occurring combinations of workplace facilities with LTPA. We found that only a quarter of respondents reported having access to all types of workplace facilities while another quarter of the sample reported having little to no access to workplace facilities. Differences in the characteristics of those with access to facilities were complex, but suggested that those with less education and income, immigrants, and who had poorer physical or mental health were employed in occupations with less access to workplace facilities. While we observed a clear positive relationship between having workplace facilities and LTPA, our analyses examining activities most likely to be influenced by facilities compared to less plausible activities, suggested that a non-trivial proportion of this association could be due to unmeasured confounding. The two combinations of workplace facilities where the observed association between associated activities was stronger than non-associated activities were having all facilities available at or near work; and having a pleasant place to walk, showers/change rooms and programs A. Biswas et al. Preventive Medicine Reports 10 (2018) 263-270 to improve health. We know of one other study that considered natural combinations of facilities provided directly by workplaces (such as health programs or gyms) or indirectly through the built environment (having a pleasant place to walk) (Dodson et al., 2018) . Using latent class analysis on a population survey, our study is the first to examine and identify the range of real-world combinations of workplace facilities that many workplaces may be able to provide their workers. For example, a pleasant place to walk was provided in tandem with playing fields, gyms, fitness classes, showers/change rooms, and health programs, while showers/change rooms often were provided along with health programs. The variety of workplace facilities within each combination suggests that a sizeable proportion of workplaces may have a variety of facilities available or are implementing workplace facilities. This is encouraging as many workplaces are less likely to implement workplace facilities due to insufficient support and guidance (Harris et al., 2014) . While more research is needed to inform how best to encourage workers to use workplace facilities, our findings suggest that there may Sample percentages within each combination are shown. a Combination 1, access to all possible workplace facilities; Combination 2, access to a pleasant place to walk and playing fields; Combination 3, access to a pleasant place to walk, a gym, fitness classes, showers/change rooms, and health programs; Combination 3, access to a pleasant place to walk, a gym, fitness classes, showers/change rooms, health programs; Combination 4, access to showers/change rooms and health programs; Combination 5, low probability of having a pleasant place to walk and shower/change rooms; None, no access to workplace facilities. ⁎⁎ Denotes significant difference between groups (P < 0.001). access to a pleasant place to walk and playing fields; Combination 3, access to a pleasant place to walk, a gym, fitness classes, showers/change rooms, and health programs; Combination 3, access to a pleasant place to walk, a gym, fitness classes, showers/change rooms, health programs; Combination 4, access to showers/change rooms and health programs; Combination 5, low probability of having a pleasant place to walk and shower/change rooms; None, no access to workplace facilities. ⁎⁎ Significant difference as compared to reference categories (physically inactive and access to no workplace facilities).
A. Biswas et al. Preventive Medicine Reports 10 (2018) 263-270 be more opportunities than previously thought to take advantage of or consciously implement greater access to workplace facilities. As noted, the relationship between various characteristics and access to workplace facilities was complex. However, we found that many of the characteristics associated with high physical inactivity in North America were similar to those associated with little or no workplace facilities. Specifically those with low education, low income, physically demanding work, poor self-rated health and mental health, non-white ethnicity, and who reported being an immigrant (Marshall et al., 2007; Lindström et al., 2001) were more likely to be employed in jobs with less access to workplace facilities. Data are correlational and causal directions cannot be inferred. However, our findings are in keeping with previous studies showing that those with greater SES have fewer barriers to LTPA (McNeill et al., 2006; Cerin and Leslie, 2008) . Previous studies have emphasized the role of SES in terms of enabling people to live in environments more conducive to physical activity (Cerin and Leslie, 2008; Giles-Corti and Donovan, 2003) . This research also links the potential benefits of SES to workplace environments. Further research is needed to examine these findings in terms of whether disadvantaged populations at high risk of physical inactivity would benefit from having greater access to workplace facilities.
Given the impracticability of randomized trials to examine naturally occurring combinations of workplace facilities, the selection bias from using observational data was reduced considerably by our use of the IPTW method to balance workplace facility combinations with a range of individual and occupational characteristics. Additionally, our study of associations with less plausible activities as negative controls to estimate the potential impact of unobserved confounding served to strengthen research in this area. Thus, our study presents the strongest evidence so far on the relationship between real-world combinations of workplace facilities and LTPA. In support of previous work (Lucove et al., 2007; Dodson et al., 2018; Hipp et al., 2017) , the provision of more workplace facilities was likely to increase worker LTPA. Yet apart from combination 1 (All) and combination 4 (W/S/H), three combinations of workplace facilities had similar associations with plausible and less plausible activities in increasing LTPA, suggesting that unmeasured confounding may be driving these effects. Possible unmeasured factors might include reporting bias, selection bias, or the built environment itself such as accessibility and perceived safety (Edmunds et al., 2013) . Workplace facilities may have also partly contributed to the influence of unobserved factors. For example, workplaces with a culture of promoting physical activity may influence a person to participate in LTPA outside of their work. In this case, the association between workplace facilities and non-related activities, which we have attributed solely to unobserved confounding, will overestimate this effect. Nonetheless, given multiple and often complex factors that determine physical activity participation, organizations providing access to workplace facilities can at least enable some individuals to increase their LTPA. It is possible that features unique to combination 1 (All) and combination 4 (W/S/H) may explain their stronger associations with LTPA, and further interpretation is required.
Study limitations
Along with limitations mentioned earlier, other important limitations should be acknowledged. First, this is a cross-sectional study and although findings represent associations with a calculable level of confidence that are generalizable at the population-level, causal inferences and the direction of the association between access to workplace facilities and changes in LTPA needs further elucidation. Second, LTPA may be inaccurate as it was self-reported and susceptible to social desirability bias. Future studies are needed to verify these findings using objective methods of measuring physical activity such as accelerometers. Third, information on the extent that individuals used workplace facilities or the associated costs (if any) of using these facilities were not collected and as such, it is unclear whether findings will differ when workplace facilities are actually used. Further work on facility usage and their related costs can illuminate the potential barriers and enablers of using the facilities themselves.
In conclusion, this study drew on real-world combinations of Table 4 The association between IPTW-weighted combinations of physical activity facilities at or near work ("workplace facilities") and meeting physical activity guidelines by participating in specific activities. Data was analyzed in Canada in 2017. Odds ratios compared to not meeting weekly physical guidelines and having no workplace facilities. a Combination 1, access to all possible workplace facilities; Combination 2, access to a pleasant place to walk and playing fields; Combination 3, access to a pleasant place to walk, a gym, fitness classes, showers/change rooms, and health programs; Combination 3, access to a pleasant place to walk, a gym, fitness classes, showers/change rooms, health programs; Combination 4, access to showers/change rooms and health programs; Combination 5 low probability of having a pleasant place to walk and shower/change rooms; None, no access to workplace facilities. b Field sports comprise tennis, volleyball, basketball and soccer. ⁎⁎ Difference significant for P < 0.05 as compared to not meeting physical activity guidelines.
workplace facilities to show that promoting greater access to supportive workplace environments may help workers meet physical activity recommendations. While combinations of workplace facilities may have varying influences on LTPA attainment, providing more options may minimize potential physical activity barriers and have potential to meet individual preferences for activity. Future research needs to understand ways to improve access to workplace facilities and examine other unmeasured factors that also influence LTPA.
